ABSTRACT Sex-separate male and female broilers (2,592 broilers; Ross × 708) were placed in 144 floor pens (12 replications per treatment) and fed diets containing high (H) and moderate (M) amino acid density from 1 to 55 d of age. Diets were formulated using ileal digestible amino acid ratios to Lys. Six dietary treatment combinations (MMMMM, HMMMM, HHMMM, HHHMM, HHHHM, and HHHHH) were implemented in 5 diet phases (1 to 5, 6 to 14, 15 to 35, 36 to 45, and 46 to 55 d of age). Male birds were heavier (P ≤ 0.05) and had lower (P ≤ 0.05) feed conversion, abdominal fat, and breast yield than female birds. Birds fed H diets in the first 3 phases
INTRODUCTION
Growth rates of some newly developed modern commercial broilers have a tendency to be reduced, whereas proportions of carcass yields are increased in comparison with existing strains of commercial broilers from similar genetic lines. Delineating amino acid needs and responsiveness throughout growth in modern commercial broiler strains is of interest to optimize saleable meat in a profitable manner. Hence, in order to optimize economic returns, dietary amino acids should be fed in a strainspecific manner . Knowledge of the time period in a broiler's life when amino acid needs are greatest in terms of productive growth is critical so that amino acid patterns can be adjusted in an efficient Use of trade names in this publication does not imply endorsement by the Mississippi Agricultural and Forestry Experiment Station of the products, nor similar ones not mentioned. 3 Mention of a trade name, proprietary product, or specific equipment does not constitute a guarantee or warranty by the USDA and does not imply approval to the exclusion of other products that may be suitable. 4 To whom correspondence should be addressed: mkidd@poultry. msstate.edu. 1389 had optimal (P ≤ 0.05) BW and feed conversion (d 35, and 45 ), but optimal (P ≤ 0.05) feed conversion at d 55 warranted H diets in all phases. Breast meat (d 35) and carcass (d 55) relative to BW were highest (P ≤ 0.05) in birds fed H diets in the first 3 phases; however, differences in 55 d breast meat yield did not occur. Results indicate that amino acid needs of Ross × 708 broilers are most critical from 1 to 35 d of age. Predicted economic margins were advantageous in birds fed H diets resulting in $0.12 and $0.05/bird more income over feed costs at 35 and 55 d, respectively, in comparison with birds fed M diets.
manner. Meeting amino acid needs represents a large portion of diet costs, and overformulating is costly whereas underformulating may negate economic returns due to suboptimal growth and meat yields. Kidd et al. (2004) conducted nutrient density research with a modern commercial broiler (Ross × 508) and indicated that amino acid needs were most critical early in the bird's life for optimization of breast meat yield later in the bird's life. Furthermore, feeding more amino acids early in a bird's life is economically advantageous because feed intake is low and potential growth improvements are high. In this study, Ross × 708 male and female broilers were fed diets formulated to high (H) or moderate (M) digestible amino acid levels in a ratio to Lys in various feeding phases to assess subsequent growth performance and carcass yields. A second objective of this study was to construct an economic program to compare income over feed costs in birds fed diets varying in amino acid density.
MATERIALS AND METHODS

Birds and Management
Ross × 708 male and female chicks (1,296 per gender) were obtained from a commercial hatchery and placed Abbreviation key: H = high amino acid density; M = moderate amino acid density. Amino acid analysis was performed on composite samples of diets after acid hydrolysis (Degussa Corp., Hanau, Germany).
5
Dietary electrolyte balance represents dietary Na + K − Cl in mEq/kg of diet.
gender separate in 144 floor pens. Upon arrival to the research facility, the chicks had been vaccinated for Marek's virus, Newcastle disease virus, and infectious bronchitis virus. The research facility was a solid-sided house containing pens measuring 1.35 m 2 on a concrete floor. Pens were heated with an electric lamp, in addition to whole-house gas brooding, and contained one pan feeder, a nipple drinker line (5 nipple waterers per pen), and new soft-wood shavings. From d 1 to 5, supplemental pan feeders were placed in each pen to assure good feed consumption. Feed and water were available to the birds for ad libitum consumption. The lighting program consisted of 23 h of light at 30 lx from d 1 to 7, 20 h of light at 5 lx from 8 to 44 d, and 23 h of light at 5 lx from d 45 to 55. Temperature was maintained at 32°C from 1 to 7 d, and decreased 3°C in 7-d increments until 20°C was achieved. Husbandry practices were in accordance with the Guide for the Care and Use of Agriculture Animals in Agricultural Research and Teaching (FASS, 1991) .
Design and Dietary Treatments
The least-cost-formulated diets (Table 1 ) contained a nutrient matrix in linear programming that specified ME, Ca, available P, Na, choline, and dietary electrolyte balance. In addition, the nutrient matrix contained digestible amino acid minimums for Lys, TSAA, Thr, Ile, Val, Arg, Trp, and Leu from previously published ileal digestible values predicted to optimize broiler growth (Lemme et al., 2004) . No CP minimum was imposed in the nutrient matrix, and amino acid supplements of DL-Met, L-Lys SO 4 , and L-Thr were allowed to enter the ingredient matrix. The digestible amino acid minimums of Lemme et al. (2004) represented the H amino acid density dietary treatment. The digestible amino acid minimums were decreased by 10% to derive the M amino acid density dietary treatment representing amino acid needs closely resembling levels typically employed in practice . Before constructing least-cost experimental diets, the total amount of soybean meal and poultry meal to be used for the study was acquired and analyzed for all amino acids (Llames and Fontaine, 1994) and CP (AOAC, 1995) . Percentage digestible coefficients (Lemme et al., 2004) were multiplied by the analyzed amino acid levels of the former ingredients to calculate percentage digestible amino acid values. All diets were mixed in a horizontal mixer and steam-pelleted. During pelleting, composite samples of all diets were obtained and frozen until analysis of CP (AOAC, 1995) and amino acids (Llames and Fontaine, 1994) could be performed. The 1 to 5 and 6 to 14 d feeds were fed as crumbles.
Birds received diets from 1 to 5, 6 to 14, 15 to 35, 36 to 45, and 46 to 55 d of age, resulting in 5 feed phases. The H and M dietary treatments were fed in various phases throughout the bird's life, resulting in 6 treatments: MMMMM, HMMMM, HHMMM, HHHMM, HHHHM, and HHHHH. Hence, 6 dietary × 2 gender treatments resulted in 12 treatments each having 12 replicate pens.
Measurements
Pen weights and feed consumption were obtained on 5, 14, 35, 45, and 55 d. Pen feed consumption divided by pen BW was used to calculate feed conversion. Mortality was collected twice daily, and the BW of dead birds was recorded. On d 35 and 55, 4 randomly selected birds per pen were weighed and processed. Birds were then wingbanded and placed in coops for 12 h. At the pilot processing facility, birds were bled with an electric knife by severing the jugular vein, scalded for 30 s, defeathered in a rotary picker for 60 s, and manually eviscerated. Carcasses and manually removed abdominal fat were weighed. Carcasses were chilled in an air chiller (1.7°C) for 12 h and then manually deboned. Carcass parts collected and weighed were drumsticks, saddle (bone-in and skin-on thighs and lower back), wings, and breast (boneless and skinless pectoralis major and minor). Carcass parts relative to live BW of processed birds (yield) and their absolute weights are presented.
Economic Model Program
Two programs were created to assess monetary income for broiler chickens in small-bird (1.5 kg/bird) and deboned markets (3.0 kg/bird) as affected by dietary amino acid density. Measurements obtained in the experiment presented herein that were used to establish the outcome of amino acid density diets in the programs were BW at d 35 and 55, feed conversion for the 1 to 35 and 1 to 55 d periods, carcass weight and yield at 35 d, and total breast meat weight and yield at 55 d. Feed ingredient prices from November 2004 (Feedstuffs, 2004) were used to calculate feed costs. The prices ($) of amino acid contributing ingredients that varied with diet density treatments per kilogram were corn, 0.078; soybean meal, 0.187; poultry meal, 0.226; DL-Met, tions of the former values to calculate: feed cost per kg live BW, feed cost/kg carcass, feed cost/kg total breast meat, income over feed costs per kg carcass, income over feed costs per kg total breast meat, and income over feed costs per bird.
Statistical Analysis
Pen was the experimental unit for all analyses. The design was a randomized complete block. The 12 treatments of the factorial arrangement of 2 genders and 6 dietary amino acid density treatments were analyzed using the GLM procedure of SAS (SAS Institute, 1998 ) by the following model:
where is the common mean; G i is the effect of the ith gender; D j is the effect of the jth diet; GD ij is the interactive effect between the ith gender and the jth diet; and e ijk is random error. However, because dietary treatments were implemented in phases, the factorial array of gender × diet treatments was as follows: 1 to 5 d, 2 × 2; 6 to 14 d, 2 × 3; 15 to 35 d, 2 × 4; 36 to 45 d, 2 × 5; and 46 to 55 d, 2 × 6. Differences among means (P ≤ 0.05) were separated with repeated t test using the LSMEANS option of SAS (SAS Institute, 1998) .
RESULTS
Analysis of Experimental Diets
Analyzed composition of the experimental diets is presented in Table 1 . Analyzed differences in amino acids between H and M treatment diets were approximately 10%, agreeing closely with calculated treatment projections. Analyzed Lys from 1 to 5, 6 to 14, 15 to 35, 36 to 45, and 46 to 55 d were 1.38, 1.36, 1.23, 1.13, and 1.09% for the H diets and 1.28, 1.24, 1.05, 1.06, and 1.01% for the M diets.
Interactive Effects between Gender and Diet
At d 5, male broilers fed M diets were heavier (P ≤ 0.05) than female broilers fed M diets, but male and female BW was equal when fed the H diets (Table 2) . However, male broilers had lower (P ≤ 0.05) feed conversion than female broilers when fed H, but not M diets. Female broilers fed MMMMM, HMMMM, and HHHHM, and male broilers fed HMMMM and HHHMM had lower (P ≤ 0.05) wing yield than male broilers fed HHHHM. Male broilers fed HHMMM and HHHHH had greater (P ≤ 0.05) tender weights than female broilers fed MMMMM, HMMMM, HHMMM, HHHMM, and HHHHH, but not female broilers fed HHHHM. Male broilers fed HHMMM and HHHHH had heavier (P ≤ 0.05) tender weights than female broilers fed all diets except HHHHM. However, all female broilers, except those fed MMMMM, had higher Means within a group of rows for a given measurement not sharing a common superscript differ (P ≤ 0.05). Tender represents pectoralis minor weight relative to BW at processing.
(P ≤ 0.05) tender yields than male broilers regardless of diet fed.
Gender Effects
Male broilers were heavier (P ≤ 0.05) and had lower (P ≤ 0.05) feed conversion than female broilers (Table 3) . Mortality did not differ (P > 0.05) between treatments. Male broilers had less (P ≤ 0.05) abdominal fat at 35 and 55 d in compared with female broilers. Although breast meat yield did not differ at d 35 (P > 0.05), female broilers had greater (P ≤ 0.05) breast meat yield than male broilers at d 55. Means within a column not sharing a common superscript differ (P ≤ 0.05). 
Amino Acid Diet Density Effects
Dietary amino acid density did not impact 5 d BW (Table 4) . Day 14, 35, and 45 BW responses were highest (P ≤ 0.05) in broilers fed HH, HHH, and HHHM, respectively. However, d 55 BW did not differ (P > 0.05) among treatments. Feed conversion was lower (P ≤ 0.05) from 1 to 5, 1 to 14, 1 to 35, 1 to 45, and 1 to 55 d of age in birds fed H, HH, HHH, HHHM, and HHHHH, respectively, compared with birds fed all M diets. Differences in mortality (P > 0.05) did not occur among treatments.
Improvements (P ≤ 0.05) in 35 d carcass weight, fat weight, percentage fat, fillet weight, tender weight, tender Means within a row not sharing a common superscript differ (P ≤ 0.05). yield, total breast weight, total breast yield, drumstick weight, saddle weight, and wing weight were noted in broilers fed HHH diets (Table 5 ). Broilers fed HHH had higher (P ≤ 0.05) carcass and fillet yields than broilers fed MMM and HMM, and broilers fed HHM had intermedi- Means within a row not sharing a common superscript differ (P ≤ 0.05). Parameters expressed relative to live BW at processing. Carcass does not include abdominal fat, intestines, and internal organs; fat represents abdominal fat; fillet represents pectoralis major; tender represents pectoralis minor; breast represents pectoralis major + pectoralis minor; saddle represents thighs + lower back. ate responses. Saddle and wing yields did not differ (P > 0.05) among treatments.
Broilers fed HHHMM and HHHHM had the highest carcass yield at d 55 (Table 6 ). Broilers fed HHHHH had reduced (P ≤ 0.05) percentage abdominal fat in compari- Means within a row not sharing a common superscript differ (P ≤ 0.05). Parameters expressed relative to live BW at processing. Carcass does not include abdominal fat, intestines, and internal organs; fat represents abdominal fat; fillet represents pectoralis major; tender represents pectoralis minor; breast represents pectoralis major + pectoralis minor; saddle represents thighs + lower back.
son to broilers fed MMMMM, HMMMM, HHMMM, and broilers fed HHHMM and HHHHM had intermediate values. Broilers fed HHHHH, HHHHM, and HHHMM had greater (P ≤ 0.05) tender weights than broilers fed MMMMM, whereas broilers fed HHHHH and HHHHM had greater (P ≤ 0.05) tender yields than broilers fed HMMMM and MMMMM. Differences (P ≤ 0.05) in other processing measurements at d 55 did not occur among treatments.
DISCUSSION
The purpose of this research was to assess potential effects of Ross × 708 broilers to dietary amino acid density. Much research has been conducted to evaluate modern commercial broiler strains to diets differing in amino acids and protein Bartov and Plavnik, 1998; Dozier and Moran, 2001; Lemme et al., 2003; Corzo et al., 2004; Kidd et al., Represents BW at d 35 (Table 4) . 2004 ), but research addressing the dietary responsiveness of the Ross × 708 broiler is sparse. Similar to the findings of the former research, feed conversion and abdominal fat, in addition to some carcass parameters, were lowered in the current study as dietary amino acid density increased.
Male broilers typically have more whole body protein and less whole body fat than female broilers. Although interactions occurred at 55 d for tender weight and wing and tender yield, gender BW, feed conversion, and abdominal fat were not affected in differing degrees by amino acid density in any phases of growth. All H diets had improved broiler growth and carcass responses early in life and to a lesser extent, later in life (Tables  2, 4 , 5, and 6). At d 35, but not d 55 processing, the increased amino acid density improved carcass weights and yields. Hence, the responsiveness of broilers to amino acid density in the current study is different from published research using a similar design, but a different Corzo et al. (2004) were used by Kidd et al. (2004) to measure amino acid responsiveness to Ross × 508 males and female broilers. It was found that high-density diets throughout life optimized breast meat yield (breast meat yields in birds fed H, M, and low amino acid density of 20.5, 19.4, and 17.5%, respectively), and decreasing amino acid density resulted in reduced BW, feed conversion, and meat yields ). However, dietary treatment differences in d 55 breast meat yield in the current study did not occur. Amino acid levels from 1 to 35 d in the current study and the study of Kidd et al. (2004) were similar, but large treatment differences occurred in amino acids levels from d 36 to trial termination in the study of Kidd et al. (2004) compared with H and M diet differences in the current study. Hence, the lack of response in d-55 BW and breast meat yield in the current study may be due to the H amino acid levels being above the bird's needs. Although the Arbor Acres Plus broiler is a multipurpose strain (Corzo et al., 2004) , whereas the Ross × 508 and Ross × 708 broilers are high-yield strains, the current study and former reports point to the importance of optimizing amino acid nutrition early in the bird's life. Moreover, Lys levels in the last two periods (36-55 d) for birds fed M diets (average analyzed Lys of 1.04%) and birds fed H diets (average analyzed Lys of 1.11%) were higher than those typically observed in practice and recommended (NRC, 1994) . For example, Corzo et al. (2002) evaluated Lys needs in heavy Ross × 308 male broilers fed diets in an ideal protein balance and found that the NRC (1994) recommendation of 0.85% is adequate for broilers from 42 to 56 d of age.
Broilers fed diets with lower levels of amino acids will have reduced growth and carcass yields, and increased feed conversion. Although feeding amino acid excesses is costly due to small improvements in yield and large increases in diet costs, marginal amino acid levels in low cost diets may be more costly due to reduced economic returns from a loss of saleable meat.
Therefore, an economic comparison was done in the current study using published feed ingredient prices (Feedstuffs, 2004) However, both 35-and 55-d income over feed costs per bird increased in birds fed all H diets vs birds fed all M diets. Because M and H diets were relatively high in amino acids and balanced (ileal digestible ratios to Lys), it is expected that increased amino acid density in diets that are deficient in some amino acids would result in greater profit. In addition to delineating the importance of not minimizing amino acids early in a broiler's life, these results demonstrate potential positive economic impacts from meeting, rather than exceeding, amino acid needs in high yield broilers.
